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@ motivation

@ classification of power-suppressed contributions
@ local annihilation

@ complex annihilation

@ three-parton annihilation



with 0 @ € {m, p, K, K*}

¢ probe strong dynamics and CP

¢ B-factories: Br. A, C. S
A = —0.107 £ 0.018




43 = Mle in the
Standard Model
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QCD for P,T:
expand in small #7s

@ SU(2) isospin May.d/Agcp ~ 0.03
o power counting Aqcp/Enm ~ 0.2
@ strong coupling o, =~ 0.1 — 0.35

reduces # of non-perturbative inputs



A little Theory +
a lotta experiment:

(Jain, Rothstein, Stewart 07)
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Chasing large imaginary penguins

X annihilation?
pQCD (Keum, Li, Sanda): Ye$S
QCDF (Beneke, Buchalla, Neubert, Sachrajda): not compufable
SCET (cA, Ligeti, Rothstein, Stewart): NO

XI¢ large missing short distance phase?

SCET (Beneke, Jager), (Jain, Rothstein, Stewart): MO

B¢ charm loops in the resonance region?

B¢ new physics?



B — M{M,: the SCET calculation
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SCET;; power expansion: series in 7 ~

Q



SCET;; degrees of freedom

mode: n-collinear soft n-collinear

(+7_7J‘): Q(U271777) Q(U?U?ﬁ) Q(1>772777)
fields: ‘fna An hva s, As gﬁa A’ﬁ



Decay amplitude
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Classification of
power-suppressed amplitudes

Order in Time-ordered products Perturbative order
A/my in SCET Annihilation Other
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annihilation: “spectator” quark line

ends at weak vertex




Q™ : local annihilation s

SCETII :
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O(lL) Tk 3 Z [dSPRbU] [aﬁ,UJQ%PL Qﬁ,wg} [q_n,wl %PLun,wJ
has coefficient function:
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Divergent convolution?
finite and real by zero-bin subtraction in
M(anohar)S(tewart)-rapidity factorization:
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Where's the zero-bin contribution?

offending graph: X in zero bin:
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counted in T-products
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Complex
annihilation

A(B — M, Mg) = —1 x matching coefficients
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non-perturbative strong phase
~*from incomplete cancellation of
directed soft Wilson lines



annihilation (ars)
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hard matching coefficients:
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factorization theorem:
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Numerical estimates

@ simple model for distribution amplitudes

@ non-perturbative parameters from QCD sum
rules and lattice QCD

@ large errors
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Conclusion

eliminated a possible source of large penguins:
annihilation is factorizable and real



